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PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This Invention relates generally to plastically deforming and radially expanding 
an expandable tubular member. 
9 Background of the Invention 

Conventionally, when a wellbore is created, a number of casings are installed In 
the borehole to prevent collapse of the borehole wall and to prevent undeslred outflow 
of drillfrig fluid into the formation or Inflow of fluid fiwn the fionnation Into the borehole. 
The borehole Is drilled In intervals whereby a casing which Is to be Installed In a lower 
10 borehole interval is lowered through a previously installed casing of an upper borehole 

interval. As a consequence of this procedure the casing of the lower interval Is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested anangement wHh casing diametere decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 

15 seal the casings from the borehole wail. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter Involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilBng fluid and drill cutBr^s. 
Moreover. Increased drilling rig time is involved due to required cement pumping, 

20 cement hardenfrig. required equipment changes due to large variations in hole 

diameters drilled In the course of the well, end the large volume of cuttings drilled and 
removed. 

The present Invention Is directed to overcoming one or more of the limitations of 
the existing procedures fbr fomiing new sections of casing In a wellbore. 
^ Summwy of the Invention 

According to the present Invention there Is provided a method of plastically 
defonrtng and radially expandhg an expandable tubular member using an apparatus 

comprising a tubular support tnember. an adjustable expansion device movaWy 
coupled to the tubular support member, and an actuator movably coupled to the tubular 

30 support member fbr adjusting the edjustable expansion devloB, comprising: 

coupling a first end of the expandable tubular member to a tubular stnicture; 
inserting the apparatus into the first end of the expandable tubular member in a 
first direction: 

displacing the actuator of the apparatus in a second direction opposite to the 
35 firet direction: 

applying a resilient biasing force to the adiustahte owmndnn fp fh^ 
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second direction; 

moving the actuator and the adjustat)ie expansion device of the apparatus out 
of a second end of the expandable tubular nriember; 

reinserting the actuator of the apparatus into the second end of the expandable 
5 tubular member in the second direction; 

incrsasing the outside dameter of the a^just^ie expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first diredion; and 

plastically defbnming and radially expanding the expandable tubular member by 
10 OKiving the adjustable expansion device through the expandable tubular member in the 
second direction. . 

Preferably, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
1 5 Preferably, displadng the actuator and the acQustaUe expansion device relative 

to the expandable tubular member In the first direction comprises: 

impacting the actuator wVh the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular member comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fiuUidy sealing the Interface between the tubular support nnembor of the 
apparatus and the expandable tubular member; 

wherein moving the adjustable expansion device through the expandable tubular 
25 memt)er corr^Mlses: 

hJecUng a pressurized fluid into the tubular support member. 
According to another aspect of the pnisent invention there is provided an 
apparatus for piastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubi^r support member; 

an a($ustabie expansion device movably coupled to the tubular support member; 
actuating means for actuating the adjustable expansion device; 
means for displadng the actuating means of the apparatus in a first direction; 
means for applying a re^lient biasing force to the acQustable expansion device 
35 when the actuating means is displaced in the first direction; 



means for Increasing the outside diameter of the adjustable expansion device by 
displacing the actuating nrteans and the adjustable expansion device relative to the 
expandable tubular member In a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first diredion comprises: 

means for impacting the actuating means. 

Preferably, the means for displadng the actuating means and the adjustable 
expansion device reiatlve to the expandable tubular member In the second direction 
comprises: 

means for Impacting the actuating means. 

Brier OascripUon of tha DFBwIngs 
Rgs. 1 and 1a-1d are fifagmentary cross-sectional views of an embodiment of 
the placement of an apparatus far radially expanding a tubular member wflhin a tubular 
member within a borehole wAhln a subterranean formation. 

Fig. 1e Is a cnss-secUonal view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

Fig. 1 f Is a cross-seclional view of the expansion cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an emtxxiiment of interiocking expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. Ikis a top fragmentary drcumferBntlal view of an emtxxiiment or the 
coupling arrangement between the expansion cone segments and the spiit ring ooliar 
fbr use in the apparali^ of Figs. 1 and 1a-1d. 
10 Figs. 11 and 1m are top schematic views of an embodiment of the coupling 

between the J-siots of the drag blocks and the lugs of the hjbular support member of 
the apparatus of Figs. 1 and 1a»1d. 

Figs. 2 and 2a-2d are fragmentary cross-sedional illustratk>ns of the apparatus 
of Figs. 1 and la-Id during the radial expansion of the tubular member witMn the 
IS borehole within the subterranean fomriatksn. 

Rgs. 2e and 2f are iDustrations of an embodiment cS the J-stots of the drag 
btocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are Olustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
dnd2a-2d. 

Rgs. 3 and 3a-3c are fragmentary cross-sectional illu$tratk>ns of an 
embodiment of the placement of an apparatus for rad»lly expanding a tubular member 
within a weilbore casing within a subtenranean fonnation. 
25 Fig. 3d is a cros&-sectk)nal view of an embodknent of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3a 

Fig. 3e is a ooss-eecttonal view of the expansion cone support body of Fig. 3d. 

Fig. 3f is a skle view of an embodiment of an expanston cone segment fbr use 
h the apparatus of Fi^. 3 and 38-3C. 
30 Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Rg. 3h is a top view of the expanskm cone segment of Fig. 3f. 

Fig. 31 Is a top view of an embodiment of interkxidng expanston cone segments 
fbr use in the apparatus of Hgs. 3 and 3a-3a 

Fig. 3J is a top fragmentary droumferential view of an embodiment of the 
35 coupling arrangement between the expanskMi cone segments and the split rmg cotiar 
for use in the apparatus of Rgs. 3 and 3a-3c. 



Figs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an 
emtKxJiment of tfte placement of the apparatus of Rgs. 3 and 3a^ Including an 
expandable tubular member wHtiln an expandable tubular member within a 
subterrartean formation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Figs. 4 and 4a^ during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-eectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subtenanean fbnnation. 

Fig. 6e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Rgs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Rg. 6e. 

Rg. 6g Is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 6 and 68^. 

Rg. 6h is a front view of the expansion cone segment of Fig. eg. 

Rg. 61 is a top view of the expansion cone segment of Rg. 6g. 

Fig. 6j is a top view of an embodiment of interioddng expansion cone segments 
for use in the apparatus of Figs. 6 and 6a-6d. 

Rg. 6k is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a^. 

Figs. 7 and 7a-7c are fragmentary cross^ctlonal iUustrations of an 
embodiment of the placement of the apparatus of Rgs. 6 and 6a^ including an 
expandable tubular member within a borehole within a subterranean fbmiation. 

Rgs. 8 and 8a-6d are ftagmentary cross-sectional IHustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a.7d during the radial 
expansion of the expandable tubular member within a borehole wilWn a subterranean 
fomnatlon. 

Fig. 9 Is a firagmentary cross sedlonalllluslratiQn of an embodiment of an 
expansion cone assembly in an unexpended position. 

rig. 9a Is a cross sectional illustration of the expansion cone assembly of F|g. 9. 

Fig. 10 is e fragmentary cross sectional mustrallbn of the expansion cone 
assembly of Fig, 9 in an expanded position. 



Rg. 10a is a cross sectional illustration of the expansion cone assemt>iy of Fig. 

10. 

Rg. 1 1 is a fragmentaiy cross sectional Illustration of an emtxxiiment of an 
expansion cone assembly in an unexpanded position. 
5 Rg. 11a B a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Rg. 12 is a fragmentary croes sectional illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded position. 

Fig. 12a is a cross sectional Illustration of the expansion cone assembly of Hg. 

10 12. 

Rg. 13 Is a fragmentary cross sectional llli»tration of an embodiment of an 
expansion cone assembly In an unexpanded position. 

Fig. 13a is a cross sectional Illustration ofthe expansion cone assembly of Fig. 

13. 

Rg. 13b is a fragrnentary top drcurnferentlal Illustration of the expansion cone 
segment assembly of Fig. 13 that niiatrates the interleaved sets dl collets. 

Rg. 13c Is a fk^gmentary cross sectional inustiation ofthe Inlerieaved collets of 
Fig. 13b. 

Fig. 14 Is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 13 in an expanded position. 

Rg. 14a Is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are fragmentary cross-secUonal iilustratlons of an 
end)0dlment of the placement of an apparatus for radially expanding a tubular member 
wIMn a borehole wtlhin a subterranean formation. 

Rg. 15d Is a croes-seclional view of an en^lment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-1Se. 

Fig. 15e is a cross-sectional view of the expansion cone support body of Rg, 

15d. 

Fig. 15f is aside view ofan embodiment of an expansion cone segment for use 
in the apparatus of F^. 15 and 15a-15c 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 
Fig. 15h is a top view of the expansion cone segment of Rg. 15f. 
Rg. 151 Is a top view of an ornbodiment of Interlocking expansion cone 
segments for use In the apparatus of Rgs. 15 and 15a-15& 



Rg. 15j is a top fragmentary drcunrrferential view of an emlxxllmentof Hie 
coupling arrangement between ttie expansion cone segments and the split ring collar 
fbr use in the apparatus of Figs. 15 and 1 5a-15c 

Figs. 16 and 16a-16c aie fragmentary cross^ctional illustrations of an 
emtxKSment of the placement of the apparatus of Figs. 15 and I5a-I5j Including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 17 and 178-170 are fragmentary ODse-eectloruil Illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and iea-16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
IbrTTiatlon. 

Fig. 18a Is a cross sectional Illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Fig. 18b Is a fragmentary drcumliBrentlal top lilustratlon of the expansion cone 

and split ring collar of Fig. 18a. 

Fig. 18c is a firagmentaiy cross-sectional Illustration of the expansion cone 
support flange of the expansion cone assembly of Rg. 18a 

Fig. I8d is a cross^ctional illustration of the expension cone support flaige of 

Rg.18c. 

Rg. 19a is a cross secHonai Illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 1 9b is a fragmentary circumferential top view of the expansion cone of Fig 

19a. 

Figs. 20a.20m are top drcumferential views of various alternative embodiments 
of Intertoddng expansion cone segment geometries. 

Detalied Oeecriptlon of the mustrathre Embodiments 
Referring initially to Figs. 1 and la-ld. an embodiment of an apparatus and 
method for radially expanding a tubular member wm now be described. As Illustrated in 

Rgs. land la-ld. a wellbore 100 Is positioned In a suWenaneanfbnnatlon 105. inan 
exemplary embodiment, the weObore 100 may include a preexisting cased section 

110. TheweBbore100maybeposltionedinanyorlentationfh)mvertlcaltohorlzontal 
In order to extend the weHbore 100 Into the subterranean fbnnation 105. a driN 
string is used in a well known manner to drill out material from the subterranean 
formation 105 to form a new weUbore section 115. In a preftoned embodhient. the 
Inside diameter of the new welbore section 1 1 5 is greater than or equal to the Inside 
diameter of the preexisting wellbore casing 1 10. 



A tubular member 120 defining a passage 120a may then be positioned within 
the weilbore section 1 15 with the upper end 120b of the tubular member coupled to the 
wallbore casing 1 1 0 and tte lower end 1 20c of the tubular member extending Into the 
waflbore section. The tubular member 120 may be positioned within the weflboie 
section 115 and OMjpied to the wellbcNie casing 1 1 0 In a conventional manner. In a 
preferred embodiment, the tubular member 120 Is positioned withbi the weilbore 
section 11 5 and coupled to the weObore casing 1 1 0 using one or more of the methods 
and apparatus disclosed In one or more of the following: (1 ) U.S. patent application 
serial no. 0W454.139, attorney docket no. 26791.03.02. fitod on 12/3^1999. (2) U.S. 
patent application serial no. 09/510,913. attorney docket no. 25791.7.02, filed on 
2/23/2000. (3) U.8. patent applteatlon serial no. 09/50^350. attorney docket no. 
25791.8.02. filed on 2/10/2000, (4) U.S. patent appOcaOon serial no. 09M40.338, 
attorney docket no. 25791.9.02, fNed on 1 1/15/1999, (5) U.S. patent application serial 
no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent 
applfcatton serial no. 09/512,895, attorney docket no. 25791.1202, filed on 2/24/2000, 
(7) U.S. patent appiicatton serial no. 09/511,941. attorney docket no. 25791.16.02, filed 
on 2/24/2000. (8) U.S. patent appDcatton serial no. 09/588.946, attonrtey docket no. 
25791.17.02. filed on 6/7/2000. (9) U.S. patent applicafion serial no. 09^.122, 
attorney docket no. 25791.23.02. fOed on 4/26/2000, (10) PCT patent application serial 
no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisional patent applk»t»n serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 1 1/1/1999. (12) U.S. provisional patent applicatton serial no. 60/154.047, attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent appHcatkm serial 
no. 60/159,082. attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent appltoatkHi serial no. 60/159.030. attonriey docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial na 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. proviskmal patent applteatton serial 
na 60/212.359. attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. proviskmai 
patent application serial na 60/165,228. attorney docket na 25791 .39, filed on 
11/12/1999. (18) U.8. provlsk>nal patent applcation serial no. 60/221.443. attorney 
docket no. 25791.45. filed on 7/280000, (19) U.S. proviskMial patent appflcatton serial 
no. 60/221.645. attorney docket no. 25791.46. filed on 7/28/2000. (20) U.8. provisional 
patent applicatton serial no. 60/233.638, attorney docket na 25791 .47. filed on 
9/18/2000. (21) U.S. provisional patent appUcatkm serial no. 60/237,334. attorney 
docket no. 25791.48, filed on 10««)00. (22) U.S. provistonal patent applicatkm serial 
na 60/270.007. attorney docket no. 25791.50. filed on 2/20/2001: and (2S\ U.S. 
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provisional patent application serial no. 60/262,434. attorney docket no. 25791.51. filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486. 

attorney docket no. 25791.52. filed on 1/3«>001 . the dlsdosuiBS of which are 
inoofporated herein t>y referenca 

As iilustiated In F^e. 1 and la-Id, an apparatus 200 for radially expanding a 
tubular member may ttien be positioned in the new section 1 1 5 of the wellbore 1 00 
wHhin the tubular member m The apparatus 200 inctudea a tubular support member 
205 defining an htemal passage 205a that Is coupled to an end of a tubular coupling 
210 defining an internal passage 210a. The other end of the tubular coupling 210 Is 
coupled to an end of a tubular support member 215 defining an Internal passage 215a 
that includes a first lug 215b, a rady passage 216c a first flange 215d.:a second 
flange 21 5e. a second lug 215f. and an expanston cone support body 215g. The other 
end of the tubular support member 216 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated In Figs. 1e and If. the expansion cone support body 215g 
Includes a first end 215ga. a tapered hexagonal portton 215gb that Includes a plurality 
of T-shaped slots 215gba provWed on each of the external teceted surfaces of the 
tapered hexagonal portkxi. and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to SO 
20 degrees fbr reasons to be described. 

As Illustrated In Rgs. 1.1a-1d. 1g.1h.and II. a plurality of expansion cone 
segments 225 are provkled that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that Include T-shaped retaining members 
225ba that mate with and are received within corresponding T-shaped sk>ts 215gba on 

Ihe tapered hexagonal portk)n215gboftheexpanston cone 8upportbody215g finrt 
external sur^ 22Sbb. second external surfeces 225bc and third external surt^s 

225bd. Thus.inanexemplaryembodlment.atotelofsbtexpansionoonasegment8 
225 are provkled that are siklably oouptod to oonesponding aides of the tapered 
hexagonal portton 215gb of the expansion oone support body. 

In an exemplary embodiment, the widths of the flret external surfoces 22Sbb of 
the expansion cone segments 225 Increase In the directton of the second external 
surfaces 225bc the wWths of the second external surfaces are substentteqy constant, 
and the WWths of the tWrd external surfaces 225bd decrease in the directtan of the first 

ends 225a oftheexpanston oone segments fbr reasons to be described. In an 
exemplary embodiment, the first external surfaces 225bb of the expansion cone 
segments 225 taper upwardly In the diredton of the s econd extam^i -y^ 
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the second external surfaces taper upwardly in the direction of the third external 
surfaces 225bd, and the third external surfaces 225bd taper downwardly In the 
direction of the first ends 225a of the expansion cone segments for reasons to t>e 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 22Sbb of the expansion cone segments 225 are greater than the 
angle of attack of the taper of the second mtemal surfaces 225t)c. In an exemplary 
endxxllment, the first and second externa! surfeces. 225bb and 225t)c, of the 
expanston cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced in the diredton of the end stop 220. the first and second 

10 external surfaces of the expansion cone segmmts provide a sul>stantiaily continuous 
outer drcumfiDrentiai surface for reasons to be described. 

As illustrated in Ffg. 1J, in an exempbry embodiment, the external sifl-teoes. 
225bb. 225bc and 225bd. of the second ends 225b of the expanskxi cone segments 
225 are adapted to mate with one another in order to Interlock adjacent expanston 

15 cone segments. 

As illustrated in Figs. 1 . 1 a-1d. and 1 k. a spDt ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that includes a 
first end that includes plurality of T-shaped slots 23Gb for receiving and mating with 
conresponding T-shaped reteining members 225aa of the expansion cone segments 

20 225 and a second end that includes an L-shaped reteining member 230c. in an 
exemplary embodinrtent, the spirt ring collar 230 is a conventtonal sjAld ring collar 
commercially available from Halliburton Energy Services modified in accordance with 
the teachings of the present disctosure. 

As iihjstrated In Figs. 1, 1a-1d. and 1m, a drag btock assembly 235 that defines 

25 a passage 235a for receiving the tubutar support member 215 is provUed that indudra 
a first end that includes an L-shaped stot 235b for receiving and mating with the L- 
shaped reteining member 230c of the split ring colter 230, one or more conventional 
drag bkxk elemenb 235c and a J-shaped stot 235d including a reteining stot 235da 
for receiving the second hig 215f of the tubutar support member 21 5. In an exemptery 

30 embodiment, the tengitudinal axis of the «Kshaped slot 235d of the drag bfcx:k assembly 
235 is substantially paraM to the tongitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventx>nal packer cup assembly 240 that defines a passage 240a for 
receiving the tubular support member 215 includes a first end 240b that mates wHh the 

35 second flange 215e of the tubular support member, a conventk>nai seaUng cup 240c 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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receiving the tubular support member 215 Indudes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250c and a second 
end 250d that males with the first flange 21 5d of the tubular support member. 

As illustrated In Rgs. 1, la-Id, and II, a drag block assembly 255 that defines a 
passage 2S5a for receiving the tubular support member 216 is provided that includes a 
firet end that Includes sealing members. 255b and 255c. one or more conventkjnal drag 
10 block elements 255d. and a J^haped slot 2S5e including a retaining stot 255ea for 
recelvfng the first lug 21 Sb of the tubular support member 215. In an exemplary 
embodiment, the longitudlnai aids of the J-shaped slot 255e of the drag bbck assembly 
265 Is substantially parallel to the tongltudinal axis of the tubular support member 21 5 
for reasons to be described. 
16 In an exemplary embodiment, during operation of the apparatus 200, as 

IDustrated In Figs. 1 and 1a-lm. the apparatus may be positioned m the weHbora 116, 
within the tubular member 120, with the first and second lugs. 215b and 215f, 
respectively, positkjned within the retaining slots. 255ea and 23Sda, respectively, of the 
J-stots, 255e and 235da. respectively, of the drag bkx* assembly 255 and 235, 
20 respectively. In this manner, the drag block assembly 235 Is maintained in a 

substantially stationaiy position relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly In the 
longitudinal direction relative to the tubular support member 215 towards the end stop 
220. Fuithennore, In this manner, the drag btock. assembly 255 is also maintained in a 
25 substantially stattonaiy position relative to the tubular support member 215 thereby 
preventing the drag btock assembly from sealing off the radial passage 215c. In an 
exemplaiy embodiment, during the placement of the appaatus 200 within the wellbore 
1 1 5 and the tubular member 12a the radial passage 216c permits fluidle materials 

outsWe of the tubular support member 216 to pass Into the passage 215a thereby 
30 minimizing overpressure oondWons within the annulus outskle of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 Is posHkmed within the 
expandable tubular member 120 such that the expanston cone body 21 5g, the end 
stop 220. and the expansion cone segments 225 extend out of the expandable tubular 

35 member. In this manner, the expansfon cone segments 225 may be driven up Ihe 
tapered hexagonal portkm 215gb of the exoanskm 
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the outside diameters of the e)q>ansion cone segments, without impacHng the 
expandable tubuiar member 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies. 235 and 255, thereby displacing the lugs, 215f and 215b. with respect to 

5 the J«haped slots, 235d and 255e, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to ttie drag block assemblies. 235 and 255, in 
the kmgitudinal direction thereby dtepladng the drag block assemblies downwardly 
relative to the tubular support member. During the tongitudlnal upward displacement of 
the tubular support member 215 relative to the drag btock assemblies, 235 and 255, 

10 the drag block assemblies, 235 and 255. are nalntained In a substantlaliy stationaiy 
position with rasped to the expandable tubular member 120 by the IricihNial forces 
exerted by the drag btocks. 235c and 255d, of the drag bk)ck assemblies on the 
expandable tubular member, and during the upward tongitudinal displacement of the 
tubular support member 215 relative to the drag btock assemblies, the lugs, 215f and 

15 21 5b, are guided In a substantlaily tongitudinal diractkxi by the J-slol8.235d and 2S5e. 
respectively, of the drag btock assemblies. 

The downward longitudinal displacement of the drag btock assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly atong with the expanston cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 21 5gb of the 

expanston cone support body 21 5g until the end faces of the expansion cons segments 
impact the stop ment>er 220. As a result, the outside diameter of the expanston cone 
segments 225 increases, in an exemplary embodiment, once the ocpanston cone 
segment 225 impact the slop member 220, the outer surfaces, 22Sbb and 22Sbc of 

25 the expansion cone segments provMe a sttetantiaily continuous outer surface in the 
drcumterentlai dlrectton having a diameter that Is greater than the InsMe dameter of 
the expandabto tubular member 120. The downward tongitudinal dbplaconent of the 
drag block assembly 255 relative to the tubular support member 21 5 aeala oif the radial 
passage 215c thereby preventing the pressurized fluMto material 275 from entering the 

30 annulus sum>un(fing flie tubular support member 21 5 through the radial passage. 

in an exemplary embodiment, as liiustrBted in IRgs. 2 and 2a-2f, the expandable 
tubuiar member 120 may then be radlaly expanded using the apparatus 200 by 
hjecilng a fluklk: materia] 275 into the apparatus through the passages 205a. 210a. 
and 21 Sa. The Injectton of the fluUic material 275 may pressurize the intertor 120a of 

35 the Mpandable tubuiar member 120. In addhton, because the packer cup as^mblies. 
240 and 250. seal off an annular regton 1 20aa belo w the packer cup assemblies 
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beWwen the expandable tubular member 120 and the tubular support member 215. the 
Injection of the fluldic material 275 may also pressurize the annular region. 

The continued injection of the fluidic materia 275 may then pressurize the 
Interior 120a of the expandable tibular member 120 thereby plastically deforming and 
radially expanding the expandable tubularmember off of the expansion cone segments 
225. Becau8etheout8raurfaoe8.225bband225bcoftheexpanslonconesegmenl8 
225 are tapered, the plastic defomatlon and radial expansion of the expand 
tubular member 120 proximate the expansion oone segments is facilitated. 
Furthemwre. in an exemplary embodiment, the continued injection of the fluidIc 
material 275 also pressurizes the annular region 1 20aa defined between the Interior 

surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 21 5 that is bounded on the upper end by the packer cup assembly 

240andonthelowerendbytheexpan8lonooneaegmenl8225. Furthemiore. in an 
exemplaiy embodiment the pressurizaHon of the annular region 120aa also radUly 

15 expandsthesum)undingportionoftheexpandabietubularmember120. IntMs 
manner, the plastic defonnation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthemwre. during operation of the apparatus 200. the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 

20 the pressurized annular region 120aa. In an exemplary embodiment, the 

pressurization of the annular regton 120aa decreases the operating pressures required 
for piasflc deliormation and radial expansion of the expandable tubular member 120 by 

as much as 50% and also reduces the angle of attadc of the tapered external surfaces. 
225bb and 226b<^ of the expansion oone segments 22& 

The radial expanston of the expandable tubular member 120 may then continue 
unti the upper end 120b of the expandable tubular member is radially expanded and 
plastically defbnned along with the overtapplng portton of the wellbore easing 110 

Because the expansion cone segmenls 225 may be adjustable positioned from an 

outside diameter less than the inside diameler of the expandable tubular member 120 
to an outside diameter substantially equal to the insMe dtameter of the pre^sUng 
casing 1 10. the resulting weilbore casing, including the easing 110 and the radiaDy 
expanded tubular member 120. created by the operation of the apparatus 200 may 
have a single substantially constant InsMe diameter thereby provUhg a mono^llameter 
-weilbore casing. 

If the expansk>n cone segments 225 become lodged within the tubular member 
120 during the radial expansion process, the tubular support memb^gifim,»K. 



displaced downwardly in the longitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255, thereby positioning the lugs, 21 5b and 21 5f, within the 
retaining slots, 255ea and 23Sda, respectivety. of the J-slots, 255e and 235d. 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away fifom the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this manner, the tubular support member 205, the tubular support 
member 210, the tubular support member 215, the md slop 220. the axpansbn cone 
segments 225, the spfit ring collar 230, the drag block assembly 235. the pack cup 

1 0 assembly 240, the spacer 245, the packer cup assembly 250, and the drag bbck 
assembly 255 may then be removed from the tubular member 120. 

During the radial expanskxi process, the e)q>anston cone segments 225 may be 
raleed out of the expanded portion of the tubular niember 120 by applying an upward 
axial force to the tubular support member 21 5. In a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approxln)ately the same rata as the tubular member 120 Is expanded In oitier to keep 
the tubidar member stationary relative to the new wellbore section 115. In an 
alternative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansk)n process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically defonmed off of the expanskxi 
cone segments 225 and into the new wellbore section 1 15 under the foroe of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a prefsrred embodiment, when the upper end portkxi of the expandable 
tubular member 120 and the lower portton of the wellbore casing 1 10 that overlap with 

25 one another are plastically deformed and radially expanded by the expansion cone 
segments 225, the expansion cor\e segrrwnts 225 are displaced out of the wellbore 
100 by both the operating pressure within the inteifor of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a prefenned embodiment, the operating pressure and flow rate of the fluldic 

30 material 275 is controliably ramped down when the expenskm cone segments 225 
reach the upper end portkm of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plutic 
defonnatton of the expandable tubular member 120 off of the expar^kxi cone 
segments 225 can be minimized. In a prefenned embodiment, the operating pressiro is 

35 reduced in a substantially finear fashkm from 100% to about 1 0% during the end of the 
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extrusion process beginning when the expansion cone segments 225 am within about 
5 feet (1 .524 m) from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion of 
the expandabte tubular member 1 20 is tapered In order to gradually reduce the 
requlTBd operating pressure for plastically defomiing and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided In the tubular 
support member 205 in order to absoit the shock caused by the sudden release of 
pressure, "n^ shock absorber may comprise, for example, any conventk)nal 
commercially available shock absorber, bumper sub. or Jars adapted for use In wellbore 
operations. 

Alternatively, or In combination, an expansion cone catchmg structure is 
provkJed in the upper end porlton of the expandable tubular member 120 in order to 
15 catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in oombinatton. during the rady expansfon process, an upward 
axial force is applied to the tubular support member 216 sufftelent to plastically deform 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc. of the expansion cone segments 225. 

Alternatively, or in oombinatkm. in order to fadltate the pressurfzatbn of the 
Interior 120a of the expandable tubular member by the injectton of the fluidic materials 
276, the regton within the welibore section 1 1 5 below the apparatus 200 may be 
fluUtely sealed off in a comwntfon manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
205. the tubular support member 210. the tubular support member 21 5. the end stop 
220, the expanston cone segments 225. the spin ring collar 230, the drag block 
essemwy 236, the pack cup assembly 240. the spacer 245. the packer cup assembly 
250. and the drag btock assembly 255 are removed torn the welibore 100. 

In an altematlve embodiment, as Illustrated in Figs. 2h and 21, the J^tots 235d 
and255e,lndudeoneormorelntermediateretalnlngstots,235dband2S5eb. ' 
respectively, that pemift the relative tongitudinal dispiaoement of the tubular siipport 

member 21 5 relative to the drag btock assemWtes. 235 and 255. to be set at one or 
more intem«dlate stop positions. In this manner, the expanston segments 225 may be 
positioned at one or more Intemnediate positions on the tapered hexagonal portton 
215gb of the expanston cone support body 215g thereby pemiftting the external 
diameter of the expanston oone segments 225tobe adjusted toon«nr»>v« 
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Intermediate sizes. In this manner, the radial expansion and plastic defonnation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged witMn the expandable tubular member 1 20. then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter arKi 
the radial mpansion process may be continued by injecting the fluidic material 275 
and/br applytng an upward wdal foroe to ttie tubular support member 215. 

Referring to Figs. 3 and 3a-3{|. an attemativa embo(fiment of an ap(»ratus 300 
for forming a wellbore casing in a subterranean formation wOl now be described. The 

10 apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
31 Oa. The other end of the tubular coupling 31 0 Is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that Includes a first flange 31% 
having opposilely tapered end-walb. 315ba and 315bb. a second flange 315c a radial 

15 passage 315d. a third flange 315e. a fourth flange 315f. a fifth flange 31 6g having 
oppositely tapered end^lls, 315ga and 315gb. a fifth flange 31 5h. and an expansion 
cone support body 315i. The other end of the tubular suppoii member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion cone support body 31Si Includes 

20 a first end 31 5ia. a tapered hexagonal portion 31 Sib that includes a plurality of T- 
shaped slots 31Siba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 315i& In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges firom about 35 to 50 degrees for 
reasons to be described. 

25 As muslrated in Figs. 3, 3a-3c and 3r-3h. a plurality of expansion cone 

segmenis 325 are provided that include first ends 32Sa that include T-shaped raining 
members 325aa and second ends 325b that include T-shaped retaining members 
325be that mate with and are raoelved wHhln oonBsponding T-shaped slots 31 5iba on 
the tapered hexagonal portion 31 Sib of the expansion cone support body 31 5i. first 

30 external surfBoes325bb. second external surfaces 325bc, and third external surfeces 
32Sbd. THUS, in an exemptaiy embodiment, a total of six expansion oone segments 
325 are provided that are slldably coupled to oorresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 3151. 

In an exemplary embodiment, the widths of the first external surfaces 325bb of 

35 the expansion cone segments 325 increase In the direction of the second external 
surfaces 325bc the widths of the second external su rfaces are substanfiallv constant 
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and the widths of the tHnI external surfaces 325bti decrease in the direction of the first 

ends325aoftheexpanslonconesegmentsfbrreasonstobedescribed. Inan 
exemplary embodiment, the fkst external surfeces 325bb of the expansion cone 
segments 325 taper upy«rdiy in the diracUon of the second external surftices 325bc. 
5 ttwwoondexlernalsurfacestaperupwardlylnlhedirBcllonofthelhIrt 

surfaces 325bd. and the third external surfaces 32Sbd taper downwardly in the 

direction of the first ends 325a of the expansion cone segments fbr reasons to be 
<te8Cribed. •nanexemplaryembodlment.theangleofattackofthetaperoflhefirst 
external surfaces 325bb of the expansion cone segments 325 are greater than the 

10 angleofatlackofthelaperofthesecondextemaJ8urfaces325bc.lnanexemplary 
embodiment, the first and second external surfaces, 32Sbb and 325bc of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced In the direction of the end stop 320. the fhst and second 
external surfaces of the expansion cone segments provide a subslantialV continuous 

15 outer circumferential surface for reasons to be descrfbed. 

As illustrated in Fig. 31. In an exemplary embodiment, the external surfaces 
325bb. 325bc and 325bd. of the second ends 325b of the expansion cone segme^ 
325 are adapted to mate with one another In order to Inleriock acyacent expansion 
cone segments. 

20 A split ring collar 330 that defines a passage 330a for receiving the tubular 

support member 315 Is provided that includes a first end that includes plurality of T- 
shaped siote 330b fbr receiving and mating with conesponding T^haped retaining 
memben^ 325aa of the expansion cone segments 325 and a second end that includes 
an Leaped retaining member 330c. In an exenv)lary embodiment, the split ring collar 
330 is a conventionai split ring ooHar commerdaliy available from Halliburton Energy 

Services modified In aocxMdance w»h the teachings of the present dbdosuie 

A collet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa fbr receiving the tubular support member 31 5 and is coupled to an 
end of a resiDent collet 335b having upper and lower eets of oppositely tapered 
Shoulders. 335ba and 335bb. and. 335bc and 335bd. respectively, that is positioned 
prDxlmatethefburthflange315gofthetubular8upportmember315. Theolherendof 
the ooilet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tiAular sleeve 335c is coupled to an end of a pin 335d 

The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 
for receiving the fifth flange 315h of the tubular support member 31 5. An end of a 
tubular ooupnng sleeve 335f that defines a passage 3 35fa for receMno the iuh.ii«r 
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support member 315 Is received within the opening 335ca of the tubular sleeve 335c 

that includes a recess 335fb for receiving the fifth flange 315h of the tubular support 

member 315 and the ring 335e, and a radial passage 335fc for receiving the pin 335d. 

Another end of the tubular coupling sleeve 335f includes a passage 335fd for receiving 

5 the tubular support member 315 and a slot 335fiB for receiving the L-shaped retahing 

member 330c of the split ring collar 330. A it[ig335g that defines a passage 335ga for 

reoeiving the tubular support member 315. a spring 335h, and a ring 3351 that defines a 

passage 335ia for recei^g the tubular support member 315 are also received within 

therece8833^. The ring 335g is positioned pnndmate one end of the recess 3351b. 

10 the ring 3351 is positioned pRudmate the fifth flange 315h of the tubular support 

member 315 within the other end of the recess, and the spring 335h Is positioned 
between the rings. 

A first conventional packer cup assembly 340 that defines a passage 340a for 
reoeiving the tubular support member 315 includes a first end 340b that mates with the 

15 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 346a for recrtving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first padcer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 316 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c and a second end 350d that 
mates with the third flange 315e of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 365a that defines a 
pass^ 3S5aa for receiving the tubular support member 31 5 and is coupled to an end 

25 of a raslDent collet 355b having upper and tower sets of oppositely tapered shoukiers. 
355ba and 3S5bb. and. 3S5bc and 355bd. reqieciiveiy. that is posltkmed proximala the 
first fiange31Sb of the tubular support member 315. The other end of the collet 35% 

coupled to an end of a tubular sleeve 355c that defines a passage 355ca. Theoiher 
end of the tubular sleeve 35Sc is coupled to an end of a pin 355d. The other end of the 
pin 355d Is coupled to a ring 355e that defines a passage 355ea for leoelvlng the 
second fiange 315c of the tubular support member 315. An end of a tubular sleeve 
35Sf that defines a passage 355fa for receiving the tubular support member 315 is 
received wnthin the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving the second fiange 315c of the tubular support member 315 and the 
ring 355e. and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f includes a passage 35Srd for receding the tubular support member 



315. a recess 35Sfe for receiving an end of the tubular sleeve 355c. and sealing 
members 355ff. A Hng 356g that defines a passage 355ga for receiving the tubular 
support member 315 and a spnng 355h are also received within the recess 355fb An 
end of the ring 3559 Is positioned proximate the second flange 315c of the tubular 

5 S"PP«tmember315v»lthlnanendofthereces8355fbandtheotherendoftheringls 
posltlonedanendoflhespringSSSh. THe other end of the spring 356h Is positioned 
proximalB the other end of the recess 3S5fb. 

In an exemplaryembodlment. during operation ofthe apparatus 300 as 
llustrated In Figs. 3 and 3a^. the apparatus may be Initially posWoned in the wllbore 

10 100.wlthlnthecasing110.wlththeoolleta8sembile8335and355po8ltion8dina 
neutral position in which the radial passage 315d oflhe tubular support member 315 is 

not covered by the tubular Sleeve 35Sf and the expansion cone segments 325 are not 
dnven up the tapered hexagonal portion 31 51b of the expansion cone support body 
31 5, of the tubular support member 31 5 Into contact with the slop member 320. In this 
15 manner, fluldic materials within the interior 31 5a of the tubular support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing HO thereby preventing over pressurization of the annulus. 
FurthemTOfB. in this manner, the outside diameter of the expansion cone segments 325 
18 less than or equal to the outside diameter of the stop member 320 thereby pemMing 
20 the apparatus 300 to be displaced within the casing 110. 

As lliustiated in Figs. 4. and 4a-*d. the apparatus 300 may then be positioned 
m the tubular member 120. During the Insertion of the apparatus Into the tubular 
member 120. the upper end 120b of the tubular member may Impact the tapered 
'*«''«te«^335bband355bb.ofthecollels.335band355b.respective 
25 *ft«ng the cofletsbadcward until the tapered Shoulders. 335bd and 355bdrf 

coOels are positioned pmximate the tapered shouWere. SlSga and 315ba. 'respectiveiy 

ofthetubularsupportmember. As a result, the support rings. 335a and 355a. the ' 

orflets. 335b and 355b. the tubular sleeves. 335c and 355c the pins. 335d and 355d 

ther1,^.335eand355e.andtherinfls.335gand355g.ofthecolletasM^ 

and ^. respeceveV. are driven badcward. compressing the spri^ 

thereby applying axlai biasing forces to the tubular coupflng sleeve 335f and thefubular 

Sleeve aesf. respectively. In this manner, an axial biasing force b appHed to the spHt 

nng collar 330 and the expansion cone segments 325 that prevents the expansion 
"~««fl"»nt8frombelngdrivenupthetaperedhexagonaiportlon315ibof^ 

thestopmember320. Thus, the outside diameter of the expanston cone se«..nH> 



325 is maintained in a position that is less than the Inside diameter of the tubular 
member 120 thereby permitting the apparatus 300 to be displaced within the tubular 
menter. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
31 5d in the tubular support member 315. Thus, fiuidic materials within the bitertor 315a 
of the tubular support member 315 may pass through the radial passage 315d into the 
annuhjs between the apparatus ^ and the tubular member 120 thereby preventing 
over pressurtzBtion of the annuhJS. 

The apparahis 300 may then be at least partially positioned in the open hole 
sectton 115a of the weUbore section 115, b^nd the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
Includes the slop member 320. the expansion cone segments 325, the split ring collar 
330. the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer 
cup assembly 350. and the collet assembly 355 is then posltkxied in the open hole 
section 115a of the wellbore section 115, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b. are 
resilent. once the apparatus 300 has been positioned in the open hole section 115a of 
the wellbore section 11 5. beyond the lower end 120c of the tubular memberl 20. the 
tapered shoukJers. 335ba and 355ba. of the collets may spring outwardly In the radial 
directton. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-fa)sertion (A the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the tapered shoulders, 
335ba and 356ba, of the collets, 335b and 355b, respectively, thereby driving the 
collets fonward until the tapered shouUers, 335bc and 355bc, of the collets are 
po»tkmed proximate the tapered shoulders, 315gb and SISbb, respectively, of the 
tubular sivport member 315. As a result, the support rings, 335a and 355a. the 
oolletB. 335b and 355b. the tubular sleeves, 335c and 355c the pins, 335d and 355d. 
the lings, 335e and 355e, the tubular coupling sleeve 335f. the tubular stoeve 355f. the 
rings, 335g and 355g, and the ring 335i of the collet assemblies, 335 and 355. 
respectively, are driven fbnward, thereby compressing the springs. 33Sh and 35Sh. 
ttiereby sealing off the radial passage 31 5d and driving the expanston cone segments 
325 up the tapered hexagonal portkin 31 Sib of the expanskxi cone support body 3151 
of the tubular support member 315 into contact with the stop member 320. 

As a result, the outskle diameter of the expansion oone segments 325 now 
greater than ttie insMe diameter of expandable tubul ar member 120 thereby pem^tBng 
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the apparatus 300 to be used to radially expand and plastically deform the tubular 
member, and fluidic materials within the Interior 315a of the tubular si^^port member 
315 may no longer pass through the radial passage 315d Into the annulus between the 
apparatus 300 and the tubular member thereby pemiltting the Interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to radially expand and plastically 
Mom the tubular member 1 20 by applying an upward axial fbroe to the tubular 
support member 315 and^or by injecting a pressurized fluidic material into the tubular 
support member. 

In particular, as illustrated in Figs. 5 and 5a^. the expandable tubular member 

1 20 may then be radially expanded using the apparatus 300 by Injecting a fluMIc 
material 275 Into the apparatus through the passages 305a. 310a. 315a. and 320a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies. 340 
and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. Vie Irijecfaon 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluklic material 275 may then pressurize the 
interior 120a of the expandable tubular member 1 20 thereby plastically defbmUng and 
radlaly expanding the expandable tubular member off of the expanston cone segments 
325. Because the outer surfaces. 325bb and 325bc. of the expansion cone segments 
325 are tapered, the plasth: defonnatton and radial expansion of the expandable 
tubular member 120 proximate the expanskm cone segments Is facilitated. 
Furthemiore. in an exemplary embodiment, the continued injectk)n of the fluidic 
material 275 also pressurizes the annular regton 120aa defined between the interior 
surface of the expandable tubular member 120 and the exisrior surface of the tubular 
support member 31 5 that Is bounded on the upper end by the packer cup assembly 
340andonthetowerendbytheexpanstonconeseflments325. Furthem«re. h an 
exemplary embodiment, the pressurizatton of the annular regk>n 120aa also radially 
expands at least a portion of the surreunding portton of the expandable tubular member 
120. 'nthlsmanner.theplastlcdefomwtionandradialexpanskxioftheexpandable 
tubularmember120isenhanced. Furthermore, during operetfan of the apparatus 300 
the packer cup assemblies 340 and 350 prevent the pressurized fhiWfe material 275 
ftom passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular regton 120aa In an exemplary embodiment, the 
piBssurtzatton of the annular regton 120aa decreases theon^n^i 



for plastic deformation and radial expansion of the e)g>andable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc of the expansion oone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 unti flie upper end 120b of the expandable tubular member is radially expanded and 
plastically defonned along with the overlapping portion of the weiibore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diam^ less than the inside diameter of flie expandable tubular member 120 
to an outside diameter substisintially equal to the Inside diameter of the preexisting 
10 casing 110. the resulting weHbore casing, including the casing 110 and the radially 
expanded tubular member 120. created by flie opoaflon of ttte apparatus 300 mi^ 
have a single substantially constant Inside diameter thereby providing a moncxliameter 
weiibore casing. 

During the radial expansion process, the expansion oone segments 325 may be 

15 raised out of the e)q)andedportiiOT of the hjbi^ member 120 by applying an upwanJ 
axial tbrce to the tubular support member 315. In a prefened embodiment, during flie 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate es ttie tubular member 120 is expanded in order to Iceep 
the tubular member stationary relative to the new wellborB section 116. 

20 In a prefened embodiment, when the upper end portion of the expand^ie 

tubular member 120 and flie lower portion of the weiibore casing 1 1 0 ttiat overlap wifli 
one another are plastically defonned and radially expanded by the expansion oone 
segments 325, the expansion oone segments are dteplaced out of flie weiibore 100 by 
bofli flie operating pressure witfiin the Interior of ttie tubular member 120 and a 

25 upwardly directed axial force applied to ttie tubular support member 305. 

In a primed embodiment, flie operating pressure and flow rale of ttie fluldic 
material 275 is oontroilably ramped down wAien ttw expansion oone segments 325 
reach ttie upper end portion of flie expandable tubular member 120. In ttiis manner, 
ttie sudden release of pressure caused by ttie complete radial expansion and plastic 

30 dtfoimaflon of ttie expandable tubular menrter 120 off of ttie expansion cone 

segments 325 can be minimized, in a prefened embodiment, ttie operating pressure Is 
reduced h s substantially linear fashion from 100% to about 10% during ttie end of ttie 
extnision process beginning when ttie expansion oone segments 325 are wflhin about 
5 feet (1 .524 m) from completion of ttie extnjsion process. 

35 Altemattvely, or In combination, ttie wall ttiickness of ttie upper end portion of 
ttie expandable tubular member 120 Is tapered in order to gradually reduce ttie 



required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shodc absorber is provided In the tubular 
support member 305 in order to absorb the shodc caused by the sudden release of 
pressure. The shodc absorber may comprise, for example, any conventional 
commerdaBy available shodc absorber, bumper sub. or jare adapted for use in wellbora 
operations. 

Altematlveiy. or in combination, an expansion oone catddng structure Is 
provided In the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 31 5 sufRdent to piasfleaHy deftarm 
and radially expand the tubular member 120 off of the external surfeces. 22Sbb and 
225bc, of the expansion cone segments 325. 

Alternatively, or in combination. In order to fedDtate the pressurization of the 
interior 1 20a of the expandable tubular member by the ii^jedion of the fluidic materials 
275, the region within the welbore section 115 below the apparatus 300 may be 
fluididy sealed off In a convention nanner using, for example, a padcer. 

Once the radial expansion process is completed, the tubular support member 
305. the tubular support member 31 0. the tubular support member 315. the end stop 
320. the expansion oone segments 325. the split ring collar 330, the coHet assembly 
335. the padcer cup assembly 340. the spacer 345. the padcer cup assembly 350. and 
the cdlet assembly 355 are removed ftom the vwHbores 100 and 1 15. 

Referring to Figs. 6 and 6a^. an aHemative embodiment of an apparatus 400 
forfom^lng a wedbore casing In a subteirenean formation wili now be described. The 
apparatus 400 Indudes a tubular support member 405 defining an Memai passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a Tbe other end of the tubular ooupfing 410 Is coupled to an end of a tubular 
support member 415 defining an internal passage 415a that Indudes a firel flange 
415b. a Urst radial passage 415c a second radial passage 41Sd. a second flange 
41 5e, a stepped flange 415f. a third flange 415g. a fburth flange 415h. a fifth flange 
4151. and an expansion cone body 41^. The other end of the tubular support member 
415 Is coupled to a tubular end stop 420 that defines a passage 420a. 

As illustrated In Figs. 6e and ef. the expansion cone support body 41Sj indudes 
a ffst end 419a. a tapered hexagonal portion 41£t|b t hatindudfl«ani.»«iHv^T- 



shaped sbts 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 415j& In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 41Sjb ranges from at)out 35 to SO degrees for 
reasons to t>e described. 
5 As illustrated in Figs. 6, 6a-6d, and 6g-6l, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within oonfesponding T-shaped slots 41Sjba on 
the tapered hexagonal portion 415Jb of the expansion cone support body 415j, first 

10 external surfaces 425bb, second external surfaces 425bc, and thini external surfaces 
42Sbd. Thus, in an exemplary mibodiment, a total of six expansion oone segments 
425 are provided that are sBdably coupled to oorresponding sides of the tapered 
hexagonal portion 41S]b of the expansion cone support body 41^. 

in an exemplary embodiment, the widths of the first extennal surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second external 
surfaces 425bc the widths of the second external surfaces are substantiaily constant, 
and the widths of the third external surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be descrit>ed. in an 
exemplary embodinrient the first external surfaces 425bb of the expansion oone 

20 segments 425 taper upwardly in the direction of the second external surfaces 425bc 
the second external surfeces taper upwardly in the direction of the third external 
surfaces 425bd, and the third external surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 external surftices 425bb of the expanston oone segments 425 are greater than the 
angle of attack of the taper of the second extemai surfaces 425b& in an exemplary 
embodiment, the first and second external surfaces. 425bb and 425bCi of the 
expanston cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 external surfaces of the expanston cone segments provMe a substantially continuous 
outer circumferential surface for reasons to be described. 

As Illustrated in Fig. 6J. In an exemplary embodknent, the external surfeces, 
425bb, 425bc, and 425bd, of the second ends 425b of ttie expanston oone segments 
425 are adapted to mate with one another in order to interlock adjacent expanston 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 is piDvided that Includes a first end that includes plurality of T- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the expansion cone segments 425 and a second end that Indudes 
an L-shaped retaining member 430a In an exemplary embodiment, the spBt ring collar 
430 b a conventional split ring collar commercially available from Halliburton Energy 
Services modified in acoonJanoo with the teachings of the present disclosure. 

A dog assembly 435 is provided that Includes a tubular sleeve 435a that defines 
a passage 435aafbr receiving the tubular support member 415 that Includes a first end 
that Includes a slot 435ab fbr receiving and mating with the L-^haped retaining member 
. 430c pf the split ring ooOar 430. a radbl passage43Sac and a recess 435ad for 
receiving thefHlhflange415aofthetubular8upportmember415. A second end of the 
tubular sleeve 435a Includes a flange 435ae that matee with the fburth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 
16 for receiving the fifth flange 4151 is received within the recess 435ad of the tubular 
sleeve435aandlscoupledtoanendofaloadtran»f^pin435a The opposite end of 
ttie load transfer pin 435c is received within the radial passage 43Sac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a. and a radial opening 435de 
for receiving a owiventlonairBsraent dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga fbr receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a flretend ofthe recess 
and the fifth flange 41 51 of the tubular support member. 

A flret conventional packer cup assembly 440 that defines a passage 440a for 
recehring the tubular support member 41 5 includes a first end 440b that mates with the 
fburth flange41Sg of the tubular support member, a com«ntional sealing cup 440c 
and a second end 440d. A tubular spacer 445 that defines a passage 445a fbr 
receiving the tubular support member 415 includes a first end 445b that mates with the 
8econdend440doftheffr8tpackercupa8sembiy440andasecondend445c. A 
second conventional packer cup assembly 450 that defines a passage 450a for 
receiving the tubular support member415 includes a fhrt end 450b that mates with the 
second end 445c of the spacer 446. a com«ntlonal sealing cup 450e. and a second 
end 450d that mates with the stepped flange 4 1 5f of the tubular support member. 

A dog assembly 455 b provided that inchides a tubular sleeve 455a that defines 
apassage455aafbrreceivlngthetububrsupportmember415. AfiretendoTthe 
tububr sbeve 455a includes a radbl ooenina 45Sab fhr«w^ 
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resilient dog 455b. A secxmd end of the tubular sleeve 455d indudes a recess 455ac 
and is coupled to an end ofa load transfer pin 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
raceivhg the tubular support nriember 41 5. A tubular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for reoeivtng the 
tubular support memt)er 41 5 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
45Sf. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 41 5 is further received within the recess 455ec of the tubular sleeve 455e 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end of the tubular sleeve 455d includes a radial passage 455ed, 
sealing members, 45Sef and 4556g, and a recess 455eh that mates with the first flange 
41 5b of the tubular support member 41 5. 

in an exemptary embodiment, during operation of the apparatus 400, as 

15 Hlustratad In f^gs. 6 and 6a-6l(, the apparatus may be initialiy positioned in the weilbore 
100, within the casing 1 10, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radiai passage 415d of the tubular support member 415 Is 
fiuididy coupled to the r^lal passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 41Sjb 

20 of the expansion cone support body 41 5j of the tubular support member 41 5 into 
contact with the stop member 320. In this manner, fiuldic materials within the interior 
415a of the tubular support member 41 5 may pass through the radial passages, 41 5d 
and 455ed, into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurlzatbn of the annulus. Fmthenmore, in this manner, the outside 

25 diameter of the expansion cone segments 425 Is tess than or equal to the outside 
diameter of the stop member 420 thereby permitUng the apparatus 400 to be displaced 
within the casing 110. 

As Illustrated In Figs. 7, and 7a-7c the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tutnilar member 

30 120, the upper end 120b of ttw tubular member may impact the ends of the resilient 
dogs, 435e and 455b, of the dog assemblies, 435 and 455, respecth^, thereby 
driving the resilient dogs, 435e and 4S5b, backwards off of and adjacent to one side of 
the flanges. 415h and 415f, respecUvely. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c the 

35 retaining rftig 435b, and the ring 435g df the dog assentMy 435 are driven badcward 
ttierebv oomoressina the sorino 435f and applying a n axial biasing fbroe to the tubular 
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sleeve 435a that prevents the expansion cone segments 425 from being displaced 
toward the end stop 420. As a result of the backward axfal displacement of the resHient 
dog 455b. the tubular sleeve 455a. the pin 455c the retaining ring 465d, and the ring 
455g of the dog assembly 465 are driven bacKward thereby compressing the spring 
455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages. 415d and 455ed from being fiuidiciy decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole 
section 1 15a of the weUbora section 1 15. beyond the lower end 120c of the tubular 
nfiember120. In an exemplary embodimeni, that portion ofthe apparatus 400 that 
Includes the stop member 420. the expansion cone aegmenls 425. the split ring collar 
430. the dog assembly 435, the packer cup assembly 440. the spacer 445. the packer 
cup assembly 450. and the dog assembly 455 is then poslttoned in the open hole 
section 1 15a of the wellbore sedkm 1 15. beyond the lower end 1 20 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b. of the dog 
15 assemblies. 435 and 455. respectiviely. are resilient, once the apparatus 400 has been 
positioned In the open hole section 115a of the wellbore section 115. beyond the lower 
end 120c of the tubular member 120. the resilient dogs. 435e and 455b. ofthe dog 
assemblies may spring outwardly In the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 
20 tubular member 120. During the re-insertlon of the apparatus into the hjbUar member 
120, the tower end 1 20c of the tubular member may Impact the ends of the resUient 
dogs, 435e and 455b. of the dog assemblies, 435 and 455. respectively, thereby 
driving the resUient dogs forward until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges. 415h and 415f. of the tubular support member 
25 415. 

As a result, ofthe fdnward axial displacement of the rssilient dog 435e, the 
tubular sleeve 435a, the retainng ring 435b. the pin 435c the tubular sleeve 435d. the 

spring 435f. and the ring 435g of the dog assembly 435 are displaced In the ibrward 
axial directton thereby also displacing the split ring collar 430 and the expanston oone 

segments425inthefwwaidaxialdlredk)n. As a result, the expanston oone segments 
425 are driven up the tapered hexagonal portton 415|b ofthe expanston cone support 

body 415] of the tubular support member 415 Into contact with the slop member 320. 

As a result of the forward axial displacement ofthe resilient dog 455b. the 
tubular sleeve 455a, the pin 455c the retaining ring 455d. the tubular stoeve 4550. the 
spring 455f, and the ring 455g of the dog assembly 455 are driven fbnvatd In the axial 
direction theretiy flutotoiy decoupling ttie radial pag aagaa A-tM anA Atx^ aeM4 Bi.tiit-K* 
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coupling the radial passages 41 5c and 415d. As a result fluldic materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support nr^ember and the tubular noember 120. 

As a result of the forward axial displacenfient of the resilient dog 435e, the 
outside diameter of the expansion cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby pennitting the apparatus 400 to 
be used to radially expand and plastlcaly deform the tubular member, and fluldic 
materials within the Interior 41 5a of the tubular si4)port member 41 5 nray no longer 
pass through the radial passages. 41 5d and 455ed. Into the annulus between the 
apparatus 400 and the tubular member thereby permftOng the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plasticatly 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a prassurized fluldic material Into the tubular 
support member. 

In particular, as lliustiated in Figs. 8 and 8a-6d. the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluldic 
material 275 Into the apparatus through the passages 405a. 310a, 415a. and 420a. 
The injection of the fluidto nr^aterial 275 may pressurize the interior 120a of the 
expandable tubular member 120. in addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support nrmmber 415, the Injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued Injection of the fluldic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plasticaiiy deforming and 
radially expanding the expandable tubular member off of the expansion cone segntents 
425. Because the outer surfaces, 425bb and 425ba of the expansion cone segments 
425 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthemnore, In an exemplary embodiment, the continued Ejection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surfeoe of the expandable tubular member 120 and the exterior surfiace of the tubular 
support member 41 5 that is bounded on the upper end by the padcer cup assembly 
440 and on the lower end by the expansion cone segments 425. Furthemnm, In an 
exenr«>lary embodiment, the pressurizatk>n of the annular region 120aa also radlaly 
expands at least a portion of the surrounding portio n of the expandable tubular 
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120. In this manner, the plastic deformatfon and radial expansion of the expandable 
tubular member 120 is enhanced. Furthennore. during operation of the apparatus 300, 
the packer cup assembGes 440 and 450 prevent the pressurized fMdic materel 275 
from passing above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular regkm 120aa. In an exemplary embodiment, the 
prassurizatkm of the annular regton 120aa decreases the operating pressures req uired 
for plaslk: defbrmalkm and radial expansion of the expandablB tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
425bb and 425bc of the «(panskMi cone segments 425. 
10 The radial expanskm of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member is radially exparnled and 
plastically defomied atong with the overlapping portion of the weUbore casing 110. 
Because the expansion cone segments 425 may be acQustably po8itk)ned from m 
outside diameter less than the inside diameter of the expandable tubular member 120 
15 to an outside diameter substantially equal to the Inside diameter of the preexisting 
casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120. created by the operatton of the apparatus 400 may 
have a single substantially constant insMe diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expanskm cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a preferred embodiment, during the 
radi^ expansion process, the expanston owie segments 425 are rdsed at 

approximately the same rate as the tubular member 120 Is expanded In Older to keep 
the tubiriar member staltonary relative to the new wellbore sedfon 1 1 5. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower poitkm of the welibore casing 110 that overlap with 
one another are plastteaily defomned and radially expanded by the expanston cone 
segments 425. the expanston cone segments are displaced out of the welbore 100 by 
both the operating pressure wfthin the interior of the tubular member 120 and a 
upwardly directed axial force appGed to the tiiiular support member 405. 

In a preferred embodiment, the operating pressure and flow rale of the fluidte 
material 275 is controllaWy ramped down when the expanston cone segments 425 
reach the upper end portton of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expanston and plastto 
deformatton ofthe e)q)andable tubular member 120 off of the expansion cone 



segments 425 can be minimized. In a prefenred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 1 00% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 425 are within about 
5 feet (1524 m) from completion of the extmston process. 
5 Altemalively, or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member, in this manner, shock toading of the apparatus is at 
least reduced. 

10 AHematively. or in combinatkx), a shock absorber is provided In the tubular 

support member 405 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventtonal 
commercially available shock absorber, bumper sub, or jare adapted for use in weilbore 
operetions. 

IS Alternatively, or in combination, an expansion cone catching structure Is 

provided In the upper end portton of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 425. 

Altenr^tively, or in combination, during the radial expansion process, an upward 
axial force Is applied to the tubular support member 41 5 suffkdent to plastically defonn 

20 and radially expand the tubular member 120 off of the extemal surfaces, 225bb and 
225bc. of the expansion cone segments 425. 

Alternatively, or In combination, in order to fadlitate the pressurizatton of the 
interior 120a of the expandable tubular member by the Injectton of the flukiic materials 
275, the region within the wailbore sectton 1 15 below the apparatus 400 may be 

25 fluklidy sealed off in a convention manner using, for example, a packw. 

Once the radial expareton process is completed, the tubular support member 
405. the tubular support member 410, the tubular support member 415. the end stop 
420. the expansion cone segments 425, the split ring collar 430, the dog assembly 435, 
the packer cup assembly 440, the spacer 445, the packer cup assembly 450, and the 

30 dog assembly 455 are removed from the wellbores 100 and 1 1 5. 

Referring now to Rgs. 9, 9a. 10 and 10a. an embodiment of an adjustabte 
expan$k>n cone assembly 500 will be described. The assembly 500 includes a tubular 
support merr^r 505 that defines a passage 505a and includes a flange 505b. an 
expansion cone support flange assembly 505c and an end stop 505d. The expansion 

35 cone support ftenge assembly 50Sc Includes a tubular body 505ca and a plurality of 
equally spaced apart expanskxi cone segment support members 50Scb that extend 



outwardly from the tubular body in the rsKfiai direction that each include identical bases 
506cba and extensions 505cbb. The support members 505cb further include first 
sections SOScbc having arcuate conical outer surfaces and second sections SOScbd 
having arcuate cyUndrlcal outer surfeces for reasons to be described. 

An expansion cone segment assembly 510 is provided that includes a tubular 
support 51 Oa defining a passage SlOaa for reoeMng the tubular support member 505 
and a slot SlOab. A plurality of spaced apart and substantiaily identical resilient 
expansion cone segment collets 510b extend from the tubular support 510a in the axial 
direction that include expansion cone segments SlOba extending thersfifom in the axial 
direction. Each of the expansion cone segments SlOba further Include arcuate conicai 
expansion surfaces SlObaa for radiaOy expanding an expandable tubidar member. 

A spilt ring collar 515 b provided that defines a passage 515a for receiving the 
tubular support member 505 that includes an L-ehaped retaining member515b at one 
end for mating with the slot 510ab of the tubular support SlOa of the expansion cone 
segment assembly 510. Another end of the split ring collar 515 Includes an L-shaped 
retaining member 515c A tubular sleeve 520 is provided that defines a passage 520a 
for rsceivir^ the tubular support member 505 that includes a slot 520b fbr receiving the 
L-shaped retaining member 51 Sc of the split ring collar 515. 

During operation of the assembly 500, as illustrated in Figs. 9 and 9a. in an 
unexpended position, the expansion cone segments 510ba of the expansion cone 
segment assembly 510 are poeftloned adjacent to the base of the conical secSm 
505cbc of the expansion cone segment support members 505cb with the outside 
diametsr of the exparaion cone segments less than or equal to the maximum outside 
diameter of the assembly. As iihwtraled in 10 and 1 0a, the assembly 500 may 
then be expanded by displacing the tubular sleeve 520, the split ring collar 515, and the 
expanston oone segment assembly 510 m the axial duBdion towards Ihe expansion 
cone segment support mwnbersSOScb. As a result, the expansion oone segments 
510ba are driven up the conicai section 505ebe of the expansion cone segment 

support members 505cb and then onto the eyiindrtcal section 505cbd of the SKpansion 
cone segment support members unU the expansion oone segments impact the end 
stop 505d. In this manner, the outside diameter of the esqpansion segments 510ba is 
neater than the naximun diam^r of the remaining oan«)onents of the assembly 500. 
FurthennoTB. the conical outer surfaces 510baa of the expansion cone segments 
510ba may now be used to radteliy expand a tubular member. Notethatthe 

extensions 505cbb of the expansion cone segment support members 505cb provide 
support in the ctrcumfersntiai direction to the adjace nt expansion cone segments 
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51 Oba. In an exemplary entKxJIment, the outer conical surfaces 51 Obaa of the 
expansion cone segments 51 Oba in the expanded position of the assembly 500 provide 
a substantially continuous outer conical surfaces In the droumferentlal direction. 
The assembly 500 may then be returned to the unexpanded posifion 

5 displacing the tubular sleeve 520, the split ring collar 515, and ttie expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support nnembers 50M). As a tesuH, the expansion cone segments 51 Oba are 
displaced off of the cyDndrical secBon SOScbd and the conical section S05cbc of the 
expansion cone segment support nnembers 505cb. Because the collets 51 Ob of the 

10 expansion cone segment assemtdy 510 are resilient the expansion segments SlOba 
are thereby returned to a position in whlch the outsfide diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
ofthe assembly 500. 

In several altemative embodiments, the assembly 500 is incorporated into the 

15 assemblies 200, 300 and/or 400. 

Refenlng now to Figs. 1 1, 11a. 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop 605a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support nnembere 
605bb further include first sections 605bba having arcuate cylndrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfaces, and third secflons 

25 eosbbc having arcuate cylindrical outer surfeoes for reasons to be described. 

An expansion cone segment eesembly 610 Is provided that includes a tubular 
support 610a dining a passage BlOaa for recelvir^ the tubular support member 605 
andasloteiOab. A plurarity of spaced apart and sitetantially identical resllent 
expansion cone segment collets 610b extend tirom the tubular support 610a in the axial 

30 direction that include expansion cone segments BlOba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expandable tubular member. 

A split ring coiiar 615 is provided that defines a passage 615a for receiving the 
tubular support member 605 that Includes an L-shaped retaining member 615b at one 

35 end for mating with the slot 61 Oab of the tubular support 61 Oa of the expanskxi cone 
segment assembly 610. Another end of the split rin g collar 615 includes an L-shaped 
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retaining member 615c. A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that Includes a slot 620b for receiving the 
L-ehS9)ed retaining member 615c of the spDt ring collar 615. 

During operation of the assembly 600, as illustrated in Figs. 1 1 and 11a. in an 
5 unexpended position, the es^ansion cone segments 610ba of the expansion oone 
segment assembly 610 are positimed on the cylindrical section 605bba, adjacent to 
the base of the conical section 605bbb, of the expansion oone segment support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum wtside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a. the assembly 600 m^y then be expanded tiy displacing the tubular sleeve 
620. tf^ split ring collar 61 5, and the expansion cone segment assembly 61 0 in the 
anal direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical sectton 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

IS section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605c. In this manner, the outside diameter of the 
expansion segnwnts 61 Oba is greater than the ma)dmum diameter of the remainir^ 
components of the assembly 600. Furthermore, the conical outer sur^ces 610baa of 
the expansion cone segments 61 Oba may now be used to radially expand a tubular 

20 member. In an exemplary embodiment the outer conical surfoces 61 Obaa of the 

expansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substanttally continuous outer conical surfaces in the circumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620. the spDt ring collar 615, and the expansion oone 

25 segment assembly 610 in the axial direcHon away from the expansion oone segment 
support members 605bb. As a rssult, the expansion cone segments 61 Oba are 
displaced off of the cyfindrical section BOSbbcand the conical section 605bbb and badi 
onto the cylindrical section 605bba of the expansion oone segment support members 
605bb. Bacausetheooilets610bortheexpansionoonesegmentassembly610are 

30 resinent. the expansion segments BlOba are therAy rdiffned to a position in which the 
outside diameter of the expansion cone segments is less than or equd to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is Incorporated into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a. 13b. 13c 14 and 14a. an embodiment of an 

a^ustaUe expansiw cone assembly 700 will be described. The assembly 700 



includes a tubular support member 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 7(M5b, and an end stop 705c. The expansion 
cone support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support members 

5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further Include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surftees for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a pusage 710aa for receiving the tubular support 
member 705 that indudes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that includes a plurality of 
spaced apart and substantially identical axial slots 710bb. A pluiallty of spaced apart 
and substantially identical rssllent expansion cone segment collets 710ac extend from 

15 the first tubular support 71 Oa in the axial direction and are received within 

corresponding ones of the axial slots 710bb In the second tubular support 710b that 
include substantially identical expansion cone segments 710aca extending therefrom in 
the axial direction. A plurality of spaced apart and substantiaRy identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 me axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that Include substantially Identical expansion cone segments 710bca 
extending tt^erefixxn in the axial direction. Each of the expansion cone segments, 
710aca and 710bca, furttier include arcuate conical expansion surfeces. TlOacaa and 
710bcaa. respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 715a-715d couple ttie expansion cone segment collets 710ac to the 
second tubular support 710b. 

A spin ring odlar 720 Is provided ttiat defines a passage 720a for receiving the 
tubular support member 705 ttiat includes an L-ehaped retalr*ig member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Anottier end of the spilt ring coiiar 720 Includes an L- 
shaped retaining member 720c. A tubular sleeve 725 Is proved ttiat defines a 
passage 725a for receiving the tubular support n)entber 705 ttiat indudes a slot 725b 
for receiving ttie L*shaped retaining member 720c of ttie split rtaig coiiar 720. 

During operation of ttie assembly 700, as niu^rated in Figs. 13, 13a, 13b, and 

35 13c in an unexpended position, ttie expansion cone se^nents 710aca of ttie 
expansion cone segment assembly 710 overiap witti and are positioned over the 
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expansion cone segments 710bca of the expansion cone segnoent assembly, adjacent 
to the tMise of the conical section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
w equal to the maximum outside dtameter ofttie assembly. As Illustrated In Figs. 14 
5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720. and the expansion cone segment assembly 710 in the 
axial direction ioiwards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments. 710aca and 710bca. are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

10 the q/lindricai section 70Sbbc of the expansion cone segment support members unfil 
the expansion cone segments impact the end stop 705& In this manner, the outside 
diameter of the expansion segments, 710aca and 710bca, is greater than the 
maximum diameter of the remaining components of ttie assembly 700. Furthennofe, 
the conical outer sur^ces, 710acaa and 71(M)caa. of the expainkm cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710aca8 and 
71 Obcaa, of the expansion cons segments, 710aca and 710bca. respectively, in the 
expanded position of the assembly 700 provide a substantial^ continuous outer conical 
surfaces In the circumferential direction. 

20 The assembly 700 may then be returned to the tfiexpanded position by 

displacing the tubular sleeve 720, the split ring collar 715, and the expansion cone 
segment assembly 710 bi the axial direction away from the expansion cone segment 
support nrambers 70Sbb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off of the cylindrical section 705bbcand the conical section 

25 70Sbbb and badconto the cylindrical section 705bbaorthe expansion cone segment 
support members 705bb. Because the collets, 710ac and 710bc of the expansion 
cone segment assembly 710 are resilient, the expansion segments, 710aca and 
71 Obca. are thereby returned to a position In which the outside diameter of the 
expansion cone segments is less than or equal to the nuudmum diameter of the 

30 remaining components of the assembly 700. 

In several altentative embodiments, the assembly 700 b Inoorporaled Into the 
assemblies 200, 300 and/or 400. 

Refening to Hgs. 1 5 and 15a-1 5), an alternative embodiment of an apparatus 
800 for fomUng a welibore casing In a subterranean fbnnation MfU now be described. 

35 The apparatus 800 includes a tubular support member 805 defining an internal 

passage 805a that is coupled to an end of a tubular couping 810 defining an Internal 
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passage 810a. The other end of the tubular couplirtg B1 0 is coupled to an end of a 
tubular support member 815 defining an internal passage 81 5a having a threat 
passage 81 5aa that includes a first radial p^sage 81 5b. a first flange 81 5c having a 
second radial passage 81 5d, a second flange 815e having opposite shoulders, 81 Sea 

5 and 815eb, a third flange 815f, and an expansion cone support body 81 5g. The other 
end of the tubular support member 81 5 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 15e, the expansion cone support body 81 5g 
includes a first end 815ga. a tapered hnagonal portion 815gb that indudes a pluramy 

10 ofT-shaped slots 815gba provided on each of the external ftneted surfaces or the 
tapered hexagonal portion, and a second end 815ga In an exemplaiy embodiment, 
the angle of attack of the tapersd hexagonal portion 81Sgb ranges from about 35 to 50 

degrees for reasons to Im descrSwd. 

As iOustrated in Figs. 15. 15a-15c and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that include first ends 825a that include T-shaped retaining 
membere 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within conesponding T-shaped slots 815gba on 
the tapered hmagonal portion 815gb of the expansion cone support body 815g. first 
external surfeces 825bb. second external surfaces 825bc and third external surfaces 

20 825bd. Thus, In an exemplary embodiment a total of sbc expansion cone segntwnts 
825 are provided that are slidabiy coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 815g. 

In an exemplary embodiment, the viMths of the first external eurftees 825bb of 
the expansion cone segments 825 increase in the direction of the second external 

25 surftees825bc the widths of the second external surftees are substantlaily constant, 
and the widths of the thinJ external surfeoes 825bd decrease In the diredion of the first 
ends 825a of the expansion cone segments for reasons to be described. Inan 

exemplary embodiment, the first external surfaces 825bb of the expansion cone 
segments 825 taper upwardly In the direction of the second external surfaces 825bc, 

30 the second external surfaces taper upwardly in the diracHon of the third external 
surfoces 825bd, and the third external surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfeces 825bb of the expanskxi cone segments 825 are greater than the 

35 angle of attack of the taper of the second external surfaces 825bc. In an ewnnplary 
ambodhnent the first and second external surfaces , 825bb and 825bc of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a substantiaily oontinuots 
outer circumferential surfooe for reasons to ba descrit)ed. 
5 As mustrated in Fig. 15i, in an exemplary emlxidiment, the external surfaces, 

825t>b. 825bc and 825bd. of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlock acQaoent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

10 support member 815 Is provided that inciudes a first end that includes plural^ of T- 
shaped slols 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segmento 825 and a second end that includes 
an L-shaped retaining member 830c. in an emmpiary embodiment, the spilt rfrig collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 

15 Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that inciudes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tidiular support member 815 and includes a ski 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring coiiar 830, a countertxxe 835ac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 815f of the 
tubular support member 81 5 and is received within the countwtxxe 835ac of the 
tubular sleeve. A ring 835d that defines a pa8s«9e83Sda for receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 8isr and the end of the oounterbcre. 
The other end of the load transfin- pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fa for receiving the tubular steeve 835a. a radial 
passage 83Sfo for receiving a convenflonal resUent dog 835g. a oounterbore 835fc for 
receiving and mating with the flange 815e of the tubular support member 81 5. a flar^e 

30 e35fd, and a flange 83Sfe including counterbore8,835ff and 835^. that mate vi«h and 
receive the flange 81 5c of the tubular support member, and a radial ptmsage 835fh. 

A first conventional packer cup assembly 840 that d^es a passage 440a for 
receiving the tubular sleeve 835f includes a first end 840b that mates with the flange 
83Sfo of the tubular sleeve 835f, a conventfonal sealing cup 840c and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
steeve 835f Includes a first end 845b that mates with the second end 840d of the first 



packer cup assembly 840 and a second end 845c. A second convenHonal packer cup 
assembly 850 that defines a passage 650a for receiving the tubular sleeve 835f 
includes a first end 850b that mates witt) the second end B45c of the spacer 845, a 
conventional seafing cup 850c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of ttie apparatus 800. as 
iBustrated in Figs. 1 5 and 15a-1Si. the apparatus may be Initially positioned in the 
weObore 100, within the casing 110, with the dog assembly 835 positioned in a neutrdi 
position in which the ladiai passage 815d ofihe tubular support member 815 is fluidicly 

10 coupled to the radial passage 835fh(rf the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal pprtton 815gb of the expansion 
cone support body 815g of the tubular support member 815 into contact with 010 stop 
member 320. In this manner, fluidic materials within the interior 815a of the tubular 
support member 815 may pass through the radial passages. 815d and 83^, into the 

15 annuius between the apparatus 800 and the eating 110 thereby preventing over 

pressuiization of the annuius. Furthenrore, in this manner, the outside diameter of the 
expansion cone segments 825 Is less than or equal to ti>e outside diameter of the stop 
member 820 thereby permitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 1 6. and 16a-16c the apparatus 800 may then be 

positioned in the tubular member 120. During the Insertkm of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the reslHent dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoulder 815ea of the flange 815e of the tubular support member 

25 815. Asaresultofthebacfcwardaxlaldispiacementoftheresilientdog835g.the 
tubular sleeve 835f. the pin 835b. the relainfrig ring 83Sc the ring 83Sd. arid the spring 
836e of the dog assembly 835 are dihfen backward thereby compressing the spring 
835e and applying an axial biasing force to «ie tubular sle^ 835a that prevents the 
expanston cone segments 825 from being displaoed toward the end slop 820. 

30 The apparatus 800 may then be at least partiaOypoeitioned in the open hole 

section 1 15a of the weUbore section 1 1 5. beyond the lower end 120c of the tubular 
member120. In an exemplary embodimmt, that porOon of the apparatus 800 that 
Includes the stop member 820, the expanston cone segments 825, the spfit ring coiiar 
830. and the dog assembly 835 is than posttk>ned in the open hole section 115a of the 

35 weflbofBsedkMi 115. beyond the kjwer end 120 of the tubular rnember for reasorn to 
be described. Because the dog 835g of the dog assembly 835 is resBient. once the 



apparatus 800 has been positioned in the open hole section 1 1 Sa of the wellt>ore 
section 1 15. beyond the lower end 120c erf the tubular member 120, the resiiient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be reposttioned at least partially back within the 
tubular member 120. Durmg the re-insertion of tt» apparatus Into the tubular member 
120, the lower end 120caf the tubular member may impact the ends of the resHient 
dog 83Sg of the dog assembly 835 thereby driving the resUient dog fbnMard until the 
rasaient dog is positioned oido the shoulder 815eb of the flange 815e of the tubular 
support member 815. 

As a result of the forward axial displaoement of the riBslllent dog 835g. the 
tubular sleeve 83Sf, the spring 83Se, the ring 835d, the ring 835c, the pin 835b. and the 
tubular sleeve 835a are displaced In the fbnMard axial direction theralv also displacing 
the split ring collar 830 and the expansion cone segments 825 In the fbnvard axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 
hexagonal portion 815gb of the expansion cone support body 815g of the tubular 
support member 815 into contact with the stop member 320. Furthennore, as a result 
of the forward axial displacennent of the tubular sleeve B35f. the radial passages, 815d 
and 835fh, are fiuididy decoupled. As a result fluidic materials within the tubular 
support member 615 may not pass into the annulus between the tubular support 
member and the tubular member 120. 

As a result of the fomvard axial displacement of the resPlent dog 435e. the 
outside diameter of the expansion cone segmente 825 is now greater than the inside 
diameter of expandable tubular member 120 thereby penmltling the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the Interior 81Sa of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455ed. into the annulus between the 
apparatus 800 and the tubular member thereby perniHIing the Interior of the apparatus 
to be piessurlzBd. 

The apparatus 800 may then be operated to radially expand and plastically 
defomfi the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by injecting a pressurlzad fluidic material into the tubular 
support member. 

In partiodar. as illustrated In Rgs. 17 and 17a-17c the expandable tubi^ 
member 120 may then be radialy expar^ed using the apparatus 800 by injecthg a 
fluidie material 275 into the apparatus through the passages 805a. 810a. 81 5a, and 
820a The Injection ofthe fluidie material 275 may pressurize the Interior 120a of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa belOM^ the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815, the In^ctfon 
of the fluidic material 275 may also pressurize the annular region. 

The continued InJecHon of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plasticaly deforming and 
radially expanding the expandable tubular member Off of the expansion cone segments 
825. Because the outer surfaces. 825bb and 825bc of the expanston cone segments 
825 are tapered, the plastic deformatfon and radial expansion oT the expandable 
tubular member 120 proximate the expansion oone segments is bdlitaled. 
Furthermore, in an exemplaiy embodiment, the oontbfiued injedion of the fluidic 
material 275 also pressurizes the annular ragkxi 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 815 that Is bounded on the upper end by the packer cup assembly 
840 and on the lower end by the expansion oone segments 825. Furthennore. in an 
exemplary embodiment, the pressurtzatton of the annular region 120aa also radially 
expands at least a portton of the surrounding portton of the expand2i)le tubular member 
120. In this manner, the plastic deftxnrwtion and radial expanston of the expandable 
tubular member 120 Is whanced. Furthennore, during operatton of the apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressurized flukJic msrteriai 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular retpon 120aa. in an exemplary embodiment, the 
pressurizatmn of the annular regkm 120aa decreases the operating pressures required 
fbr plastic defomratkm and radial expanston of the expendable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external eurftees. 

82Sbb and 825bc of the ej^enslon oone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radiaily expanded and 
plastkaBy defbrmed atong with the overiapping porikm of the wellbore casing 110. 
Because the expanston cone segments 825 may be acQustably posittoned from an 

outskle diameter less than the InsWe diameter of the expandable tubular member 120 
to an outsWe diameter substantlaDy equal to the inskle diameter of the pre-existing 
cesing 1 10, the resulting weBbore casing, Including the casing 1 10 and the radially 
expanded tubular member 1 20. created by the operation of the apparatus 800 may 
have a single substantially constant inside diameter thereby provWing a man<ydiam^ 
wellbore casing. 
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During the radial expansion process, the expansion cone segments 825 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial fbfCB to the tubular support nnember 815. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
approximately the same rate as the tubular member 120 is expanded In order to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a prefenred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overlap with 
one another are piasUcaily deformed and radially expanded by the expansion cone 
segments 825, the expansion cone segments are cfispteoed out of the wellbore 100 by 
both the operating pressure within the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefened embodiment, the operating pressure and flow rate of the flutdic 
material 275 is controllably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defomdation erf the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a prefenwJ embodiment, the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1.524 m) from completion of the extmsfon pnxass. 

Aitematlvely, or In combination, the wall thickness of the upper end portton of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
required operating pressure for piastfcally defomning and radially expanding the upper 
end portion of the tubular member. In this manner, shock bading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provkJed In the tubular 
support member 805 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commerdally available shock absorber, bumper sub. or jars adapted for use in wellbore 
operattor^. 

Aitematlvely, or In combination, an expanston cone catcWng stmctuie is 
provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 

Altemath^ely, or In con^inatton. during the radial expansk>n process, an upward 
axial force Is appled to the tubular support member 815 sufffcient to plastically deform 



and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc of the expansion cone segments 8^. 

Altematlvely. or in combination, in order to fac9ltate the pressurization of the 
interior 120a of the expandable tubular member by the ir\jection of the fluidic materials 
275. the region within the wellbore section 115 below the apparatus 800 may be 
fluididy sealed off in a oonventbn manner using, for example, a packer. 

Onoe the radial expansion process is completed, the tubular support member 
805. the tubi^r support member 810, the tubular support member 815. the end stc^ 
820. the mpansion cone segments 825, the split ring collar 830. the dog assembly 835, 
the padcer cup assembly 840, the spacer 845. and the packer cup assembly 850 are 

removed finom the weBbores 100 and 1 1S. 

If the expanskm cone segments 825 become lodged within the expandable 

tubular member 120dur1ng the radial expanskm process, then a ball 280 may be 
placed in the throat 815aa of the passage 815a of the tubular support member 815. 
The continued Injection of the fluWk: material 275 following the placement of the ball 
280 in the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the counterbore 
835fg. As a result of the pressurtzaBon of the annular portion 835fga of the 
countertiore 835fg, the tubular sleeve 835f. the pin 835b. the retaining ring 835c, the 
ring 835d. the spring 835e. and the tubular sleeve 835a of the dog assembly 835, and 
the spilt ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direction away from the md stop 820. In this 
marwier. the outsMe diameter of the expansion cone segments 825 Is thereby reduced 
end the apparatus 800 may then be removed from the ejq^andable tubular member 
120. 

Referring now to Figs. 18a. 18b. 18c. and 18d, an wnbodiment of an adjustable 
«q)ansion cone assembly 000 will be described. The assembly 900 includes a tubular 
8i«)port member 905 that defines a passage 005a and includes an expansion cone 
support flange assembly 90Sb that Is coupled to an end stop 910 that defines a 
passage 910a. The expanston cone support flange assembly 905b Inchjdes a first 
tubular end 905ba, a second tubular end OOSbb. and an intennediate hexa^nal 
conicsl tubular body 905bc that includes a pkirality of substantially identical and equally 
spaced apart expansion cone segment support stots 905bcaa-905bcaf on each of the 
facets of the hexagonal tobular body. 

A pknaBty of first e)q)ansk>n cone segments 915a-915c are provUed that 
include T-shaped retaining members 915aa-915ca that male with arvi are movrt)ly 



received within the T-shaped slots 905bcaa. SOSbcac, and 905t)cae of the hexagonal 
conical tubular body 905bc of the expandon cone support assembly 90Sb, T-shaped 
retaining members 915ab-915cb, exterior top surfisces 915ao415cc. exterior top 
surfaces 91Sad^15od. exterior top surfaces 91Sae-915oe, exterior top surliaoes 91Saf- 
5 9l5cf, and mterior top surfaces 915ag^l5og. In an exemplary embodiment, the 
exterior top surfaces 91Sao<M5ce and the exterior top surfaces 915ad*91Scd are 
arcuate conical surfaces In vvHch the angle of attack of the exterior top surfaces 915ao- 
915CC greater than the angle of attack of the exterior top surfeces 91Sad-91Scd. 
A pluralify of second ncpanskm cone segments 820a-920c that are interieavad 

10 withandcomplementaiy8hBpedtothefli8texpan8loncone8egm«it8915a-915care 
also provided tturt include T-shaped r^ning membere 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab, 905bcad, and 905bcaf of 
the hexagon£d corneal tubular body 905bc of the expanston cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top surfeces 920ao-920cc, 

1 5 exterior top surfeces 920ad-g20cd, exterior top surfaces 920ae-g20Qe, exterior top 
surfaces 920af-920cf. and exterior top surfaces 920ag-920cg. In an ewmfdary 
embodiment, Oie exterior top sur^ces 920ao-920cc and the exterior tep surfeces 
920ad-920cd are arcuate conical surfaces in whteh the angle of attack of the exterior 
top surteces 920ao-920cc is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring collar 925 is provided that define a passage 925a for receiving the 
tubular support member 905 that Includes an L-shaped retaining member 925b et one 
end and another end of the split ring coDar 925 Indudee T-ehaped slots, 925c. 925d. 
92Se. 925f. 925g. and 925h. formating wHh and receiving the T-ehaped retaining 

25 members, 915ab. 920ab. 91 5bb, 920bb, 91Scb, and 920cb. of the expanston cone 
segmente. 91Sa. 920a. 91Sb, 920b, 915c. and 92Dc, respectively. A tubuter sleeve 930 
to provided that defines a passage 930a for receiving the tubular support member 905 
and that also Includes a stot 930b for rscalving and mating with the L-shaped rslalnlng 
member 92Sb of the spBt ring colar 925. 

30 During operatton of the assembly 900, as ilustrated In Figs. 18a. 18b. 18c and 

18d. In an unexpended posRten. the expanston cone segmente, 915a, 915b. 915c 
915d, 920a. 920b. 920c and 920d are poslttoned adjacent to the base of the 
hexagonal conical tubular body 905bc a the expanston cone support flange 905b away 
finom the end stop 910. in this manner, the outside dtemeter of the expansion cone 

35 segments is less than or equal to tfie maximum outekie diameter of the assembly. 
Furthennore. in the unwcpanded positton, the expanston cone segmente. 915a, 915b. 



and 915c are positioned further away from the end stop 910 than the exparttion cone 
segments, 9^. 9^, and 920& 

As Ohistiated In Figs. 19 and 19a, the assembly 900 may then be expanded by 
displadng the tubular sleeve 930 and the 8pm ring coBar 925 In the axial diredto 

5 towards the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a. 915b, 916c 920a. 920b. 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b unB 
the expansion cone segments impact the end slop 910. In this manner, the outside 
diameter of the expansion segments. 915a, 915b, 915c 920a, 920b. and 920c b 

10 greater than the maximum diameter of the remaining components of the assembly 900. 
Furthennore, the conical outer surfaces, 915ac 915bc 915cc 920ac 920bc and 
920CC and the conical outer surfaces. 915ad, 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c 920a. 920b. and 920c 
respectively, may now be used to radially expand a tubular member. In an exemplary 

15 embodiment, the outer conical surfaces, 915ac. 915bc 915cc 920ac 920bc and 

920CC and the conical outer surfaces. 915ad. 915bd, 915cd. 920ad, 920bd, and 920od 
of the expansion cone segments, 915a. 915b, 915c. 920a, 920b. and 920c 
respectively, in the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the circumferential dlrediar). Furthermore, note 

20 that in the expanded position of the assembly 900, the first set of expansion cone 

segments. 915a. 915b, and 915c are brought Into afignment with the second set of 

expansion cone segments. 920a, 920b, and 920c. 

The assembly 900 may then be returned to the unexpended position by 

dsplaclng the tubular sleeve 930 and the spDt ring collar 925 in the axial direction away 
25 from the end slop 910. As a result, the expansion cone segments, 915a, 915b. 915c 
9208, 920b. and 920c, are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are relumed to a position in which the 
outside diameter of the expansion cone segments Is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 
30 In several alternative embodiments, the assembly 900 Is mooqwrated into the 

assembOes 200. 300. 400. and 800. 

Refentng to Fig. 20a, an embodiment of an expansion cone segment assembly 
1000 Includes Interioddng expansion cone segments. 1000a, 1000b. 1000c lOOOd. 
1000e,and1000f. 



Referring to Rg. 20b. an embodiment of an expansion cone segment assembly 
1100 includes interlocking expansion cone segments, 1 lOOa, 1100b, 1100c 1 lOOd. 
1100e.and1100f. 

Inferring to Rg. 2Dg, an embodlmerrt of an expansion oone segment assembly 
5 1200 includes interlocking expanskm cone segments. 1200a, 1200b, 1200c, 1200d, 
1200e.and1200f. 

Referring to Fig. 20d. an embodiment of an mpansion cone segment assembly 
1300 includes interlocking expanston cone segments, 1300a, 1300b, 1300c 1300d. 
1300e.and1300r. 

10 Referring to Fig. 20e. an embodiment of an expanston cone segment assembly 

1400 includes interlocking expanskxi oone segments, 1400a. 1400b. 1400c 1400d. 
1400e, and 1400f. 

Refening to Rg. 20f, an embodiment of an expansion oone segment assembly 
1500 Includes interlocking expansion cone segmenb, ISOOa. ISOOb, 1500c ISOOd. 

15 ISOOe, and 1500f. 

Referring to Fig. 20g, an embodiment of an expansion cone segment assembly 
1600 includes interlocking expansion cone segments. 1600a. 1600b, 1600c 16a)d. 
160Qe, and 1600f. 

Refening to Fig. 20h, an embodiment of an expansion cone segment assembly 
20 1700 includes Interlocking expansion cone segments. 1700a. 1700b, 1700c 1700d. 
1700e,and1700f. 

Refsrrlng to Rg. 20i, an embodiment of an expansion cone segment assembly 
1800 includes interlocking expanston cone segments. 1800a. 1800b. 1800c 1800d. 
1800e.and1800f. 

25 RefBfring to Fig. 20|, an embodiment of an ejqMnsion cone segment assernWy 

1900 includes interiocklng expanskm oone segments. 1900a. 1900b. 1900c 1900d. 
1900e.and1900r. 

Referring to Rg. 20k. an embodbnent of an expanston cone segment assembly 
2000 includes intertocking expansion oone segments. 2000a. 2000b. 2000c 2000d. 
30 2000e.and2000f. 

Referring to Rg. 201, an embodiment of an expanston cone segment assembly 
2100 includes interlocking expansion cone segments. 2100a. 2100b, 2100c 2100d. 
2100e.and2100f. 

Refening to Fig. 20m, an embodinrwnt of an expanston cone segment assembly 

35 2200 includes interiocking expansion cone segments. 2200a. 2200b. 2200c 2200d, 
2200akand2200f. 



The expansion cone segment assemblies 1<XK). 1100, 1200, 1300, 1400, 1500, 
1600, 1700, 1800, 1900. 2000, 2100, and 2200 provide enhanced operab'onal 
properties such as. for example, efficient radial expansion of expandable tubular 
members and durability during operation. 
5 in several alternative embodiments, the design and operational features of the 

apparatus 200. 300. 400. 500. 600. 700. 800. 900. 1000, 1100. 1200. 1300. 1400, 
1500, 1600. 1700. 1800. 1900, 2000. 2100, and 2200 may be combined, 'n whole or in 
part, and/br the design and operational elements of the apparatus 200, 300, 400. 500, 
600. 700, 800. 900. 1000, 1100. 1200, 1300. 1400. 1500, 1600, 1700, 1800. 1900. 
10 2000,2100, and 2200 may be Interspersed among each Other. 

in several aitenrative embodiments, the apparatus 200. 300, 400, 500. 600. 
700. 800, 900. and 1000. 1100, 1200. 1300. 1400. 1500, 1600. 1700. 1800. 1900. 
2000, 2100. and 2200 may be used to fom or rapdr welbore casings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200. 300, 400. 500. 600, 

700, BOO. 900, 1000. 1100. 1200, 1300. 1400. 1500, 1600, 1700, 1800. 1900. 2000. 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may. for example, 
be conical, or may be a muRl-slded body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200, 300. 400. 500. 600, 700, 800. 900, 1000. 1100, 1200. 1300, 1400, 1500. 1600. 
1700, 1800. 1900, 2000, 2100. and 2200 are provided substantially «a disclosed in one 
or more of the fbliowing: (1) U.S. patent application serial na 09^54.139. attorney 
docket no. 25791.03.02. fDed on 12^1999. (2) U.S. patent appHcation serial na 

25 09/510.913. attorney docket no. 25791.7.02. filed on 2/23C000. (3) U.S. patent 

appBcabon serid no. 09/502,350. atU>m^ docket no. 25791 .8.02. filed on 2/10/2000. 
(4) U.S. patent appDcaOon serial no. 09/440.338. attorney docket no. 25791.9.02. filed 
on 11/15/1999. (5) U.S. patent appHcatton serial no. 09/523,460. atlom^ docket na 
25791 .1 1.02. filed on 3/10/2000. (6) U.S. patent applicatton serial na 06/512.895. 

30 attorney docket no. 25791.12.02. filed on 2/24V200a 17) U.S. patent appOcatton serial 
no. 09/511.941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent 
applteation serial no. 09^.946, attorney docket no. 25791.17.02, filed on 6/7/2000, 
(9) U.S. patent a^pOcaticn serial no. 09/559.122, attorney docket no. 25791.23.02, filed 
on 4/26/2000. (1 0) PCT patent appflcatkm serial no. PCTAJSOO/18635. attorney docket 

35 no. 25791 .25.02. filed on 7/9/2000, (1 1 ) U.S. provlstonal patent appflcatkm serial no. 
60/162.871, atlomey docket no. 25791.27. filed on 1 1/1/1999. (12) U.S. provlstonal 
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patent appHcation serial no. 60/154,047. attorney docket no. 25791 .29. filed on 
9/1 6/1999, (13) U.S. proftrisionai patent appfiealion serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039. attorney dodcet no. 25791.36. filed on 10/12/1999, (15) U.S. 
5 provisianal patent application serial no. 60/159,033, attorney docket no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provlstonal patent application serial no. 60/212.359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent applicatkm serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. 
proviskmal patent applkatkm serial na 60/221 ,443, attorney docket no. 25791 .45, filed 
10 on 7/28/2000. (19) U.S. provisional patent appBcatkm serial no. 60/221 .645. attorney 
docket na 25791.46, filed on 7/28/2000, (20) U.S. provisional patent applicaflon serial 
no. 60/233.638. attorney docket na 25791 .47. filed on 9/1 8/2000. (21 ) U.S. provisional 
patent application serial no. 60/237.334. attorney docket no. 25791.48, filed on 
10/2/2000. (22) U.S. provisional patent appiicatton serial no. 60/270,007, attorney 
15 docket na 25791.60, filed on 2/20/2001; and (23) U.S. provisional patent application 
serial no. 60/262,434, attorney docket na 25791 .51. filed on 1/17/2001; and (24) U.S. 
provisionai patent application serial na 60/259,486, attorney dodcet no. 25791.52, filed 
on 1/3/2001. the disdosures of wtiich are incorporated tierein by reference. 

Although illustrative emtxxliments of the inventton have been shown and 
20 descrit>ed, a wide range of modification, changes and substituUon is contemplated in 
the foregoing disdosure. /Accordingly, it is appropriate tliat the appended claims be 
constnied broadly. 



Claims 

1. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movably coupled to the tubular support member, and an actuator 
5 mofflbly coupled to the tubular support member for ai^usting the acJiustable expansion 

device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure: 
inserting the apparatus into the first end of the expandable tubular member In a 

first direcOon; 

10 displacing the actuator of the apparatus ma second direction opposite to the 

first direction; 

applying a resnient biasing force to the adjustable expansion device m the 
second direction: 

moving the actuator and the adjustable expansion device of the apparatus out 
IS of a second end of the expandable tubular member. 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 

Increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
20 tubular member In the first direcUon; and 

plastically defomiing and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member in the 
second direction. 

25 Z Themethodofclalm1.whereiiidispladngtheactuatoroftheapparatuslnthe 

second dlredion comprises: 

Impacting the achjatorwith the first end of the expandable tubular member. 

3. The method of dakn 1. wherein displacing the actuator and the adjustable 
30 expansion device relative to the expandable tubular member inihe first direction 

comprises: 

impacting the actuator with the second end of the expandable tubular member. 

4. The method of dalml.vvherein moving the adjustable expansion device through 

35 the expandable tubular member comprises: 

puBing the adjustable expansion device through the expandable tubular 
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member. 

5. The method of claim 1 , further comprising: 

fiuidtdy sealing the Interface t)etween the tutxjlar support memb^ of the 
5 apparatus and the expandabte tubular member; 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plastically derbmrring and radially »panding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device nrovably coupled to the tubular support 
member, 

1 5 actuating means for actuating the adjustable expansion device; 

means for displadng the actuating means of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside dbmster of the adjustable expanston device 
20 by displacing the actuating means and the adjustable expansion device ralative to the 
expandable tubular member in a second direction opposite to the first dirscdon. 

7. The apparatitt of dalm 6. wherein the means for dbpladng the actuating means 
of Vie apparatus In the fliet direction comprtees: 

25 means for impacting the actuating means. 

8. The apparatus of daim 6, wherein the means fbr displadng the actuating means 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means fbr Impacting the actuating nneans. ^ 
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